The conventional criterion employed in testing the ability of an aerobic organism to utilize cellulose is growth on filter paper. As ordinarily carried out, this test provides little information as to the activity of the culture. Moreover, there are grounds for believing that it may be too exclusive a criterion, because filter paper is hardly representative of cellulose as it occurs in the plant. The structural cellulosic framework of most plant tissues is not solely built up from the glucose polysaccharide, typified by cotton, that the chemist recognizes as pure cellulose. Other polysaccharides are normally present in the most intimate association with the "true" cellulose. These associated polysaccharides, conveniently termed cellulosans, are not impurities, but form an integral part of the cellulosic fabric through which thev are distributed. In chain length they are considerably shorter and perhaps more variable than the true cellulose component. The cellulosan molecules are oriented and retained by lateral forces similar to those operative between cellulose chains. They are, however, removable by extraction with alkali, or by hydrolysis with dilute acids. Complete removal is a matter of great difficulty. In most plant celluloses the cellulosan fraction is predominantly, but not exclusively, xylan. The effect of the presence of these cellulosans on the availability of the cellulosic fabric containing them has not hitherto been investigated. Quantitative information was therefore sought as to the comparative activity of a number of aerobic cellulose bacteria on filterpaper and on cornstalk cellulose preparations, high and low in cellulosan.
cent NaOH in flowing steam for three hours, and after washing, by treatment with five per cent H2SO4 for 3' hours. The residue was again subjected to extraction with 4 per cent NaOH for three hours under the same conditions. Even after these drastic treatments, about 25 per cent of the xylan remained with the cellulose.
(c) Extracted cornstalk cellulose intermediate in cellulosan. Partial removal of cellulosan was accomplished by heating cornstalk cellulose first with four per cent N\aOH for three hours in flowing steam and then with five per cent H2SO4 for the same period.
Technique used in decomposition studies
Quantitative studies of the availability of the various cellulosic preparations were carried out in 1500 ml. round-bottom pyrex flasks containing 3 g. samples~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
. . . . . Determination of xylan The furfural yield of the preparations and the residues therefrom was determined by the A.O.A.C. method. Sintered glass crucibles (1G4 Jena or F Pyrex) were used to filter the phloroglucide precipitates, which, after drying, were extracted with hot ethanol until colorless extracts were obtained. The furfural yields and xylan equivalents were taken from Krober's tables.
Organisms employed Ten cultures were used in the decomposition studies. These included the five new species described in the previous paper (Fuller and Norman, 1943) Decomposition of filter paper The extent of the attack on filter paper cellulose accomplished by each of these cultures in 14 days is given in table 1. The separate trials with any one organism were not made concurrently. The more active organisms utilized in the neighborhood of one-third of the cellulose. One of the strains of S. myxococcoide8 was notably less active than the other three. Acid was produced only by the two strains of Achromobacter picrum. Inasmuch as the medium was poorly buffered and contained no carbonate, it is possible that the performance of these two strains was affected by the progressively increasing acidity. The agreement between the results obtained in separate trials was on the whole satisfactory; the less active cultures seemed somewhat more variable than the more vigorous ones.
Decomposition of cornstalk cellulose preparations
Each of the organisms accomplished more extensive decomposition of cornstalk cellulose than of filter paper cellulose in equal time. Three out of the four cytophagas were particularly vigorous and indeed in one trial all the cellulose was utilized. Pseudomonas ephemerocyanea, which was the equal of these three cytophagas on filter paper, fell somewhat behind them on cornstalk cellulose. Those cultures which on filter paper were relatively inactive all brought about substantial decomposition of the cornstalk cellulose. These data indicate clearly that the potentialities of an organism in cellulose decomposition cannot 2, therefore, the cornstalk cellulose is accounted for under the two headings of xylan and xylan-free cellulose.
The xylan fraction was utilized by all organisms including the specialized forms. In every case a greater per cent of it was removed than of the xylan-free cellulose fraction, and in many cases 30-40 per cent more xylan than xylan-free cellulose was lost. Since the xylan was attacked to a greater extent proportionately than the hexosan material through which it is distributed, preferential utilization of Although from 75-80 per cent of the xylan could be removed without a proportionate attack on the hexosan fraction, the remainder seemed less available and to be utilized only as the hexosan fraction was extensively decomposed.
Additional information as to the effect of the presence of xylan is obtained by comparison with the results in table 3. Cornstalk cellulose, drastically treated with acid and alkali in order to remove much of the xylan, was far less extensively attacked than the untreated cellulose, and resembled filter paper in behaviour. Only the three strains of S. myxococcoides and P. ephemerocyanea accomplished appreciable decomposition. There was no indication that the residual 7.2 per cent xylan was available'to be used preferentially by these or the less vigorous organisms or that its presence exerted any influence on the availability of the 
DISCUSSION
On the basis of the rate at which they accomplish the decomposition of filter paper, most aerobic cellulose-decomposing bacteria cannot be regarded as being particularly vigorous. It is difficult to reconcile such observations with the rapidity of decomposition of the cellulosic fraction of plant materials in soil or compost heaps. The explanation of this apparent discrepancy can now be given. Plant celluloses normally contain 20-30 per cent of associated polysaccharides in the cellulosic fabric, and the presence of these cellulosans exerts a favorable influence on availability. The cellulosan component is itself more readily available than the long-chain "true" cellulose component, and may therefore be preferentially utilized by some organisms. Apart from this, however, the decomposition of the hexosan appears to be aided by the presence of the cellulosan. Cellulose is so insoluble and the production of exo-enzyme apparently so restricted that the organisms have to be in contact with the fibers for decomposition to occur. The greater availability of the cellulosan probably permits of the more rapid development of a large population.
In the cornstalk cellulose studied, not all the xylan was of equal availability. About three-fourths of that present was readily removed without a proportionate attack on the hexosan. The remaining fourth seemed to be utilized only concurrently with the cellulose with which it was associated. In the extracted cornstalk cellulose, drastically treated to remove xylan, about one-fourth the xylan remained, but this was not preferentially utilizable and its presence no longer exerted any influence on the decomposition of the material as a whole. These observations throw some light on the relationship between cellulosan and cellulose. The similarity in behaviour of the major part of the cellulosan to hydrolysis or extraction, and to enzymic hydrolysis by bacteria cannot be overlooked. That fraction which resisted drastic chemical treatment was also less available biologically. To account for the extreme resistance of a portion of the cellulosan to extraction with chemical agents, the theory has been advanced that there may be imperfect cellulose chains containing both glucose and xylose units (Norman, 1936) . The presence of a few such mixed chains could account for the stability of that portion of the xylan which resists extraction. Moreover, it would be expected that such xylose groups could be utilized only at the same rate as the hexose groups if these chains were attacked. This was in accord with the results observed in the trials with extracted cornstalk cellulose.
SUMMARY
Quantitative studies were made of the utilization of filter paper and cornstalk cellulose preparations by ten cultures of aerobic cellulose-decomposing bacteria. Five new species were included, Pseudomonas ephemerocyanea, Pseudomonas lasia, Pseudomonas erythra, Achromobacter picrum, and Bacillus apporhoeus, together with four strains of Sporocytophaga myxococcoides.
The more active organisms utilized about one-third of the filter paper supplied in fourteen days. Cornstalk cellulose was far more extensively decomposed by all organisms in equal time. The presence of xylan in the cellulosan component of the cornstalk cellulose exerted a favorable influence on decomposition. The xylan was utilized extensively by all organisms including those forms believed to be specialized. About 75 per cent of the xylan was more readily available than the remaining fourth.
Extracted cornstalk cellulose, so treated to remove the major part of the xylan, resembled filter paper in availability. The xylan remaining was not preferentially attacked, and appeared to be no more available than the cellulose with which it was associated. Biological support is provided for the opinion that aportion of the xylan may be present in imperfect cellulose chains.
